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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to the field of active specific immunotherapy of cancer and among other things 
provides a vaccine composition for producing or increasing the antibody immune response against N-glycolylated 
gangliosides, especially N-glycolyl GM3 (NGcGMS), which can be used for the prevention and treatment of cancer 

DESCRIPTION OF THE PRIOR ART: 

10 

[0002] Gangliosides are glycosphingolipids that contain sialic acid and are expressed in all mammalian cell mem- 
branes. They comprise a saccharidic polar part and a hydrophobic ceramide (sphingosine and a long chain fatty acid). 
[0003] These compounds Insert In the lipid bl-layer that forms the extemal cell membrane leaving the oligosaccharide 
chain exposed to the external surroundings. 
15 [0004] Ganglioside expression varies in the different cell differentiation stages and growth fashions. The differenti- 
ation or dedifferentiation that occurs during oncogenic transformation is associated with changes that occur in the 
distribution of the gangliosides. 

[0005] Moreover, the expression of certain gangliosides in mammalian tissues is species restricted. These ganglio- 
sides (called heterophiles) contain Nglycolyl neuraminic acid and are present in most species (mice, rats, dogs, horses, 
20 pigs, etc.) except humans and chickens. 

[0006] This "non self" characteristic of the N-giycolylated gangliosides has a very important incidence in the immu- 
nogenicity of these compounds in humans. This fact was indirectly observed in the 20's by Hanganatziu and Deicher 
(H-D), a time when treatment of certain diseases with horse serum was common practice. 

[0007] These patients developed a disease called "serum sickness". It was shown that their serum reacted with 
25 components of the horse antiserum as well as erythrocytes of different species. 

[0008] Later these H-D antigens were extracted as horse erythrocyte gangliosides and their main epitope defined 
as NGcNAa(2^3)Gal|3(1^4)Glc(1^R). 

[0009] Experiments performed with cultured human tumour cells and H-D antiserum demonstrated the presence of 
these antigens in a group of human tumours. Thus, a tumour specific antigen seemed to have been found. 
30 [0010] Later cell culture experiments using bovine serum free medium and the detennination of the presence of lipid 
bound NGcNA in ganglioside extracts oftumourbiopsies done by Gas Chromatography-Mass Spectrometry techniques 
showed that the level of N-glycolylated gangliosides in the tumours studied was below 0.05% of the total sialic acid 
(Furukawa et al (1988) J. Biol. Chem. 263, 18507). 

[0011] From the above results derived the present consensus that the N-glycolylated gangliosides have no practical 
35 value as targets for cancer immunotherapy. 

[001 2] Nevertheless in the present invention it is shown that breast cancer seems to be an exception. N-glycolylated 
gangliosides are present in relatively large amounts (Patent application (Cuba) No. 131/93). 

[0013] Tumour associated gangliosides have been used as targets in treatment approaches, mainly in neuroecto- 
dermic derived tumours (Gangliosides and Cancer Ed. H.F. Gettgen (1989) p. 7). 
40 [0014] These approaches are based, in general on two principles: passive immunotherapy with specific mAbs and 
active immunization with the referred gangliosides 

[0015] Immunization protocols with GM2 ganglioside absorbed to BCG have been performed in patients with melano- 
ma. The presence of anti-GM2 antibodies of IgM and IgG isotypes was determined in these patients. Patients with 
higher titers showed a more delayed relapse of 15 months (Livingston et al (1989), Cancer Res. 49, 7045-7050). 
45 [0016] MoroovGr, preliminary clinical trials in patients with melanoma have been performed. Immunizations with mix- 
tures of gangliosides, obtained from primary tumour cells, alone or included in liposomes showed low antibody titers, 
mainly of IgG isotype, against gangliosides GM3, GD3, GM2 and 9-0-Acetyl GD3. 

[0017] This antibody response was short lasting and could not be maintained or increased by repetitive immuniza- 
tions. Nevertheless, the patients with immune response showed once more a statistically significant delayed relapse 
50 (Portoukalain et al (1991), Int. J. Cancer 49, 893-899). 

[001 8] To improve the immune response against gangliosides, clinical trials of melanoma patients using protein-GM2 
ganglioside conjugates, particularly KLH-GM2, have started. 

[0019] Results obtained until now indicate higher production of IgM antibody titers and the presence of specific IgG 
antibodies with effector qualities, although the immune response is not a typical T cell dependent antigen secondary 
55 response (Livingston (1 993) Proceedings of the Conference "Specific Immunotherapy of Cancer with Vaccines". The 
N.Y. Academy of Science; abst. 24). 

[0020] Recent experiments on the immunogenicity in mice using GD3 coupled to other vehicles, such as OMPC 
(outer membrane protein complex) of Neisseria meningitidis, either by hydrophobic or covalent bonds, did not succeed 
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in improving tlie quality of tine antibody response against gangliosides. 

[0021] Probably the characteristic of "self" antigen of GD3 was the main cause hindering an immune response with 
characteristics similarto T cell dependent antigens (Livingston et al (1993) Vaccine 11 , 1199-1204). 
[0022] Given the advantage of the immunogenicity of a heterophile antigen and its expression in breast tumours, N- 
5 glycolylated ganglioside based therapeutic vaccines can be effective in the treatment of human breast cancer. 

[0023] Identification of a suitable antigen source is important for vaccine development. No natural source with this 
characteristic for N-glycolylated gangliosides has been described. 

[0024] As an alternative, total synthesis of N-glycolylated ganglioside derivatives has been proposed (Ogawa et al, 
US patent No. 4,950,750). This alternative has the Inconvenience, as an antigen source for vaccines, that the antibodies 
10 obtained against ganglioside derivatives generally do not recognize the original gangliosides. 

[0025] Nevertheless, the present Invention provides a suitable natural source of antigen. GM3 and NGcGM3 are the 
main gangliosides In the hybrldoma cells used for the Industrial production of mAbs, which Is an Important fact for the 
feasibility of this therapeutic vaccine. 

[0026] The use of monoclonal antibodies as protein carriers In conjugated vaccines has little precedence In general, 
15 and none in cancer therapeutic vaccines, nevertheless their use as carriers offers the advantages of immunotargeting 

and activation of the host's immune system. 

SUMMARY OFTHE INVENTION 

20 [0027] This invention provides a vaccine composition for stimulating or increasing an antibody immune response 
against an N-glycolylated ganglioside comprising an immunogen and an adjuvant, wherein said immunogen comprises 
the N-glycolylated ganglioside N-glycolyl GM3 (NGcGM3), its oligosaccharide, or both, coupled to a carrier protein. In 
particular, the vaccine composition may be used for the prevention or treatment of breast cancer. 
[0028] This invention furthermore provides the N-glycolylated ganglioside N-glycolyl GM3 (NGcGMS) or its oligosac- 

25 charide for use as a therapeutic agent. 

[0029] This invention also provides the use of an N-glycolylated ganglioside or its oligosaccharide in the preparation 
of a vaccine composition for the treatment of breast cancer. Particularly, this use concerns the N-glycolylated ganglio- 
side N-glycolyl GM3 (NGcGMS) or Its oligosaccharide. 

[0030] This invention further provides a method for the production of gangliosides comprising the steps of culturing 
30 a hybrldoma. Isolating the hybrldoma blomass and extracting and/or Isolating the ganglioside fractions therefrom. Par- 
ticularly NGcGMS, an antigen present In breast tumours, can be obtained In this way. This ganglioside and/or a deriv- 
ative thereof and/or Its corresponding oligosaccharide Is coupled to an adequate vehicle by hydrophobic binding or by 
covalent binding, for Instance to carrier proteins, particularly mAbs. 

35 DETAILED DESCRIPTION OF THE INVENTION: 

1. -OBTAINING GANGLIOSIDES FROM THE HYBRIDOMA BIOMASS. 

[0031] A modification of Hakomori's method (Hakomori et al (1974), Methods in Enzymology, Vol. 32, Part B, 350) 
40 is used to process the hybrldoma biomass obtained from production of mAbs in fermentors. 

[0032] The biomass (0.5 - 1 Kg.) obtained by filtration of culture medium was homogenized with 2-5 L of methanol. 
Afterwards 2-5 L more were added before extraction under reflux for 5 to 20 hrs. 

[0033] The extract is filtered while hot and the transparent liquid obtained left to stand 48 hours between -20°G and 
-70''C. 

45 [0034] The precipitate is recovered by centrlfugatlon at 4'C and submitted to medium alkaline treatment (0.2 N 
NaOH-MeOH, SZ-C between 1 and 7 hours). 

[0035] Aftenwards it is neutralized with HCI-MeOH 0.2 N and concentrated to dryness at a temperature below 40°C. 
[0036] It is desalted by extensive dialysis at 4''C v.s. carbonate buffer, pH 7 and then dried by lyophilization. 
[0037] The monosialoganglioside fraction is obtained by Ionic exchange chromatography in DEAE Sephadex A 25 
50 (Pharmacia, Sweden) Ac -form (matrix volume/sample used: 1 ml DEAE Sephadex/0.1-1 (xmol of NANA), eluting with 
NaAc0.02 M In MeOH. 

[0038] After desalting by dialysis at 4°C, the fraction Is dried by lyophilization. 

[0039] Purification of the gangliosides GM3 and NGcGMS Is performed by adsorption chromatography with slllcagel 
60 (230-400 mesh, Merck, Germany). 
55 [0040] A column containing 1 0 to 40 g of slllcagel, is equilibrated and eluted with CCIaHiMeOHiNHS 2.5 M (v/v) 65: 
25:4. 

[0041] The fractions that contain GM3 and NGcGMS alone, are mixed and dried. 

[0042] Column monitoring Is performed by HPTLC using 10 X 20 cm slllcagel 60 plates (Merck, Germany) with a 
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solvent system of CCIjHiMeOHiNHa 2,5 M in 0.25% KCI(50:40:1 0) and stained with resorcinol reagent (Svennerholm 
L.; Biocliem. Biopliys. Acta 24 (1957), 604-611). 

[0043] Quantification of gangllosides is also performed by the resorcinol method. Quantities between 20-60 mg of 
GM3 and NGcGM3 are obtained. 

5 

2.- CONSTRUCTION OF VACCINE IMMUNOGENS. 

[0044] As antigens for the immunogen preparations any of the following can be used: N-glycolylated gangllosides 
present in the tumours; their oligosaccharides adequately modified in their reducing terminal by different spacers, that 
10 improve their access to different components of the immune system; or derivatives of these gangllosides modified by 
the incorporation of functional groups in the ceramide (amino, carboxyl or aldehyde groups) that allow a covalent 
binding to carrier proteins. 

[0045] As carrier proteins any physiologically tolerated protein can be used. They should bear free amino and car- 
boxyl groups that allow the covalent conjugation to the afore mentioned antigens using any routine conjugation method 
15 (SPDP, carbodiimides, reductive amination, etc.). 

[0046] Murine monoclonal antibodies or the outer membrane proteins of different bacteria such as Neisseria men- 
ingitidis, can be adequate carrier proteins. 

[0047] For those proteins with known primary aminoacid sequence some of the mathematical algorithms described 
for predicting helperTcell epitopes are used forselecting the adequate conjugation method. Thus, avoiding the possible 
20 damage of these epitopes produced by the coupling of the antigens. In this case we have used the algorithm described 
by Margalit et al (J. Immunol. 138, 2213-2219, 1987). 

[0048] Natural gangliosides are used as components of the proteoliposomes conformed by the protein complex of 
the outer membrane of N. meningitidis. Preparation of this type of immunogen requires the previous dispersion of the 
proteoliposomes of N, meningitidis using sodium deoxycholate (0.1-1%) ordodecyl sodium sulphate (0.1-1 %) or Brij 
25 96 (0.1-1 %). 

[0049] Dispersion is performed in an ultrasonic bath for 1 0-30 minutes, adding afterwards a solution containing 5 to 
20 times excess of the ganglioside (or the gangliosides shouid it be a multivalent vaccine). The resulting dispersion is 
again ultrasonicated for 5-20 minutes and is left at room temperature during 30 minutes. Finally it is dialysed untii 
absence of detergent. 

30 [0050] The most effective formulations of our immunogen preparations contained 2 to 5 ganglioside mass units per 
protein mass unit. The most effective ganglioside doses being those between 10-400 ^.g. 

[0051] In the construction of conjugated immunogens (antigens covalently bound to carrier proteins), ganglioside 
oligosaccharides or structurally modified gangliosides can be used. 

[0052] When ganglioside oligosaccharides are used as antigens a spacer ami must be added to increase distance, 
35 avoiding crypticity and making them more available to the immune system. 

[0053] As spacer reagents aliphatic compounds (3 to 10 carbon atoms) that contain one free amino group in one 
end and a carboxyl group or an amino group in the other end of the chain can be used. 

[0054] The coupling of the saccharide to the spacer reagent is performed by a reductive amination reaction (Stoll 
IVI.S. et al, Biochem. J. 256, 661-664, 1988), using sodium cyanoborohydride as a reductive agent. 
40 [0055] Typical reaction conditions are: oligosaccharide (5-25 |xmol), spacer arm (250-1 250 |j,mol), sodium cyanoboro- 
hydride (5-25 mg), reaction temperature (40-70°C) and reaction time (24-72 hours). 

[0056] The aminated oligosaccharide thus obtained is then coupled to N-succinimidyl 3-(2-pyridyldithio)propionate 
(SPDP, Carfsson J., Biochem. J. 173, 723-737, 1978) at 3-5 times molar excess relative to the oligosaccharide, at 
room temperature for 6-1 0 hours. 
45 [0057] Next it is necessary to couple the carrier protein to the SPDP using a 3-5 molar excess relative to the oli- 
gosaccharide in a reaction at room temperature for 4-12 hours. 

[0058] The reduction of the SPDP-protein complex was perfomied by a 10-50 mM dithiothreitol solution at room 
temperature for 1-5 hours. Finally coupling between the aminated oligosaccharide-SPDP and the reduced protein- 
SPDP complex is performed in a reaction in which the sugar is used in a 2-5 molar excess relative to the number of 
50 free amino groups in the proteins. The reaction occurs at room temperature between 24-72 hours. 

[0059] Under these conditions 10-100 moles of the oligosaccharide (or its equivalent in mass) are coupled to the 
carrier proteins. 

[0060] Another way of constructing immunogens to be used in multivalent vaccines involve the two methods previ- 
ously described: the formation of proteolyposomes in which one or more gangliosides are bound noncovalently and 
55 the covalent bond of one oligosaccharide from a ganglioside to which a spacer arm has been coupled. 
[0061] The following examples are illustrative: 
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EXAMPLE 1 : Isolation of GM3 and NGcGM3 from the hybridoma biomass. 

[0062] The hybridoma biomass obtained from production in fermentors of monocionai antibody iort3 (CiiVlAB S.A., 
Cuba) was processed using a modification of Hai<omori's method (Hai<omori et ai., (1974), iVIethods in Enzymoiogy, 

5 Vol.32 Part B, 350). 

[0063] The hybridoma biomass (500 g) obtained by fiitration of the cuiture medium, was homogenized with methanol 
(2.5 L) using a homogenizer. iVIore methanoi was added (2.5 L) and extraction under refiux during ten hours was 
perfonned. The extract was fiitered whiie hot and the transparent iiquid obtained ieft to rest at -20°C during 2 days. 
[0064] The precipitate was recovered by centrifugation at A-'C and submitted to medium aii<aiine treatment (0,2 N 

10 NaOH/MeOH, S/'C, 2 h). After neutraiizing with HCi 0,2 N, It was dried in a roto-evaporatorandthesoiid was desaited 
by extensive diaiysis at 4''C against carbonate buffer pH 7. The diaiysed product was freeze dried. 
[0065] The monosiaiogangiioside fraction was obtained by ionic exchange chromatography in DEAE Sephadex A- 
25 (Ac-) eiuting with NaAc 0,02 iVi in MeOH. After desaiting by diaiysis this fraction was iyophilized, dissoived in CCisH: 
iVIeOHiNHg 2.5M (65:25:4) and appiied to a 35 grams siilcagei 60 coiumn. 

15 [0066] The column was eluted with a mixture of CCi3H:i\/leOH:NH3 2,5 IVI (65:25:4) obtaining the corresponding 
gangllosldic fractions. 

[0067] The fractions containing GM3 and NGcGM3 alone were mixed and dried using a roto-evaporator. 
[0068] The determination of ganglioslde contents In the different fractions of the siiicagel separation was performed 
by high performance thin layer chromatography (HPTLC) in siiicagel 60 piates with CCiaH/MeOH/NHS 2,5 M in KCI 
20 0,25% (50:40:1 0) solvent system and stained with resorcinol. 

[0069] Yields of 30 mg of GM3 and 24 mg of NGcGIVlS were obtained. 

EXAMPLE 2: Obtaining an immunogen based on non covalent coupling of the ganglloside NGcGMS to the 
outer membrane protein complex (OMPC) of N. meningitidis. 

25 

[0070] The OMPC of N. meningitidis provided by "Carlos J. Finlay" Institute (C. Campa et al EP 301 992) were used. 
[0071 ] 1 0 mg of the OIVI PC were dispersed for 1 0 minutes in a 0.3% solution of sodium deoxycholate In an ultrasonic 
bath. Then, a solution containing 20 mg of NGcGM3 ganglioslde was added. The resulting dispersion was again sub- 
mitted to ultrasonic radiation during 5 minutes, leaving it to rest afterwards for 30 minutes. 
30 [0072] The separation of the soluble complex OIVI PC-NGcGM3 from the detergent was performed by dialysis, during 
5 days using a 1 00 kD membrane. 

[0073] The grade of incorporation of the ganglioslde to the protein was detennined using the Bio-Rad reagent for 
the proteins and resorcinol for the sialic acid. 

[0074] An incorporation of 2 mg of NGcGM3 per mg of OMPC was obtained. 

35 

EXAMPLE 3: Obtaining the immunogen (neoglycoprotelns) based on the covalent binding of the 
oligosaccharide component of the NGcGM3 ganglioslde to the P3 murine mAb. 

a) Isolation of the oligosaccharide component of NGcGIVI3 (NGcGIVI30S). 

40 

[0075] 1 0 mg of NGcGM3 were dissolved In 4 ml of MeOH with the aid of an ultrasonicator and treated with ozone 
(Wiegandt H. and Baschang G.Z. Naturforsch., 20b:164-166, 1965) during 10 minutes. 

[0076] The solution was evaporated to dryness and the residue dispersed in 10 ml of Na2C03 0.1 M by stirring 
overnight, neutralized with DOWEX 50W-X8 and filtered through a sintered glass funnel. 
45 [0077] The resulting solution was extracted with HCCL3 and the aqueous phase was studied by HPTLC to determine 

the completion of the reaction. 

[0078] The presence of oligosaccharide was verified by a positive resorcinol stain In the application point. 
[0079] The final purification of NGcGMSOS was performed In a Sephadex G-25 column using HAc 0.1 M for elutlon. 
[0080] The structure of NGcGM30S was finally determined by HI Nuclear Magnetic Resonance and mass spec- 
50 trometry (FAB spectrum). 

b) Reductive amination of NGCGM3OS. 

[0081] 1 0 n,mol of NGcGM30S were dissolved in 5 ml of methanol containing 500 nmol of 1 -8 diamine-3,6-dioxooc- 
55 tane, purged with argon and left to react during 2 hours at SO'C after which 10 mg of NaBH3CN were added and the 
reaction continued for 40 hours at SO'C. 

[0082] The reaction mixture was dried under argon and AcH added to eliminate the excess of NaBH3CN. 

[0083] The modified oligosaccharide was desalted in a Biogel P-2 column and purified in a CM-cellulose column 
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(Zopf et.al., Methods Enzymol.50:171-175, 1978). 

[0084] The identification of the anninated derivative was performed by HPTLC using silicagel 60 plates in pyridine- 
ethyl acetate-acetic acid-water (6:3: 1 :3) or chloroform-methanol-0.2% calcium chloride (60:35:8) solvents and detected 
with orcinol or resorcinol reagents. 

5 

c) Reaction of the aminated NGcGM30S with the coupling reagent 

[0085] N-succinimidyl 3- (2-pyridyldithio) propionate (SPDP). 1 0 n,mol of the oligosaccharide were dissolved In phos- 
phate buffer solution 100 mM, NaCI 0 .1 M, pH 7.5, then 30-50 iimol of SPDP was added and left to react during 6 
10 hours at room temperature. The derivative obtained was purified using a Biogel P2 column. 

[0086] The identification of the derivative obtained was performed by HPTLC using the same plates, solvents and 
detection systems as in step b. 

d) Reaction of the monoclonal antibody P3 with SPDP. 

[0087] 1 0 mg of the P3 monoclonal antibody, an IgM mAb that recognizes with high specificity N-glycolyl neuraminic 
acid bound to lipids deposited at ECACC under no 94 113 026 , was dissolved at room temperature In phosphate buffer 
solution 100 nM, NaCI 0.1 M, pH 7.5. To this solution was added 5 mg of SPDP and the reaction left to continue for 8 
hours. The separation of P3-SPDP was performed in a Sephadex G-50 column using for eiution a phosphate buffer 
solution 0.1 M, pH 6, 5 mM EDTA. 

[0088] The fractions containing the protein were mixed and used for the following step. 

e) Reduction of P3-SPDP derivative with dithiothreitol. 

[0089] To reduce the new generated disulphide bridges a 25 mM dithiothreitol solution In phosphate buffer solution 
0.1 M, pH 6, 5 mM EDTA was added and allowed to react at room temperature during 2 hours. 
[0090] The derivative obtained was separated in a Sephadex G-50 column using for elutlon the same solution referred 
above. 

[0091 ] The calculation of the number of SPDP moles coupled to P3 was estimated by calculating the free thiopyridine 
formed during the coupling process and Is based on the measuring in an spectrophotometer of the extinction Increase 
at the wavelength of 343 nm and the application of the Lambert-Beer law. A molar extinction coefficient for thiopyridine 
of 7.06 X 1 0-9 X M-1 X cm-1 . was used. 

f) Carbohydrate coupling to protein. 

35 

[0092] The carbohydrate derivative obtained in step c was allowed to react during 48 hours with the protein obtained 
In step e. 

[0093] The neoglycoprotein obtained was separated from the reaction products using a Sephadex G-50 column. 
[0094] The estimation of the amount of carbohydrate coupled to the protein was determined by calculating the sialic 
40 acid content using the resorcinol reagent for the carbohydrate and Bio-Rad reagent for the protein. 
[0095] 25 moles of NGcGM30S per mol of P3 were obtained in these conditions. 

[0096] The carbohydrate coupling to protein was also studied by electrophoresis in polyacrylamide gel (SDS-PAGE) 
under non reducing conditions followed by Western blot and reaction with anti-ganglioside specific mAbs. 

45 EXAMPLE 4: Obtaining the immunogen (Neoglycoproteins) by using the OMPC of the N. meningitidis, 
previously soiubilized with the ganglioside NGcGMS and then covalently coupled to NGcGIVISOS. 

a) Solubilization of the OMPC. 

50 [0097] Solubilization of the OMPC was performed according to Example 2. 

b) Coupling of NGcGM30S to the 0MPC-NGcGM3 soluble complex. 

[0098] The oligosaccharide NGcGM30S was obtained as described in step a of Example 3, submitted to reductive 
55 amination as in step b of Example 3 and coupled to SPDP as described in step c of Example 3. 

[0099] In parallel the soluble protein complex 0MPC-NGcGM3 was coupled to the SPDP reagent as described In 
step d of Example 3, reduced with dithiothreitol as described in step e of Example 3 and finally coupled to the appropriate 
carbohydrate as described in step f of Example 3. 
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[0100] In all cases the amount of reagents and reaction conditions were those specified in Example 3. 
[0101] The analytical methods used for the characterization of the different NGcGM3 derivatives as well as those 
used for the characterization of the OMPC and its derivatives were the same as those described in Example 3. 
[0102] An incorporation degree of 1 mg of NGcGMSOS per mg of OMPC proteoliposomes was obtained. 

EXAMPLE 5: Immunological properties of the vaccine composition. Immunization of chickens. 

[0103] The different variants of the vaccine composition described above were used to Immunize chickens and study 
the specific humoral immune responses obtained. 

[0104] As reference a group of chickens immunized weekly during one month with 1 mg NGcGIVI3 in 0.6 ml of PBS 
using Freund's complete adjuvant were used. 

[0105] Two weeks after the 4th doses a booster was applied and four days later the animals were bled. 

[0106] The same Immunization protocol was used for the groups of chickens treated with each vaccine preparation. 

[0107] The antibody response was evaluated by ELISA and TLG immuno-staining, using the ganglioside NGcGM3 

as antigen. 

[0108] In all the groups of chickens immunized with the vaccine preparations, an increase in the levels of specific 
antibodies against NGcGM3 ganglioside with respect to the pre immune serum was obtained. 
[0109] The control group also showed an increase in antibody response but of the IgM type, while all the vaccine 
preparations consistently showed a specific IgG response in most of the animals immunized. 

EXAMPLE 6: Gangliosides expressed in breast tumours. 

[0110] Biopsies of ten breast tumours were obtained during surgery. Samples were histologically classified and stored 

at -/O^C until use. 

[0111] Tumors were processed individually following the method briefly described below: 
[0112] To wet and weighed tumors were added 3 volumes of distilled water and homogenized in the cold (4°C). 
[0113] Total protein contents was determined in asampleof the homogenate by the Lowry method. To the remaining 
volume of each sample was added 5 volumes of a mixture of CCI3H-CH3OH (2:1) and stirred during 1 hour at37''G. 
Then CH30H was added to adjust the ratio of CCl3H:CH30H to 1 :1 and the extraction procedure repeated. The final 
mixture was centrifuged, separating the supernatant. 

[0114] Precipitate was again extracted by stirring at 37'C during 2 hours with a mixture of CCl3H:CH30H:H20 (1 :2: 
0,8). It was again centrifuged separating supernatant. 

[0115] Both supernatants were mixed and concentrated to dryness obtaining the mixture of total lipids of each tumour. 
[01 1 6] The mixtures of total lipids dissolved in 5 ml of CCI3H :CHgOH (9:1 ) were applied to Phenyl Sepharose columns 
(2 ml) and washed with 3 volumes of the same solvent mixture followed by CCl3H:CH30H (85:15). 
[0117] Gangliosides were eluted afterwards with 5 volumes of CCl3H:CH30H (1 :1) and 5 volumes of CH3OH. 
[0118] The individual samples of the tumour ganglioside mixtures were studied by HPTLC and 2d-HPTLC by the 
method of Sonnino et.al.(Anal. Biochem. 128 (1983) 104-114). The relative amounts of the main gangliosides were 
estimated by densitometry. 

[0119] The results obtained indicate that the main gangliosides in breast tumours are GM3 (average: 356.4 ng/mg 
protein) and GD3 (average: 133,1 ng/mg protein) followed by GD.|a and GT^j,' 

[0120] The expression of GM3 and GD3 in normal breast tissue is as average (183,5 and 48,6 ng/mg protein re- 
spectively) lower than in breast tumours, 

[0121] For the characterization of the minor breast tumour gangliosides a pool with a mass of 83 grams was also 
studied. 

[0122] This tumour mass was processed and extracted as previously described. 

[0123] The total mixture of gangliosides was submitted to ionic exchange chromatography in DEAE Toyopearl and 
the total acid fraction submitted again to chromatography in a Q-Sepharose column with a gradient system from which 
9 fractions were obtained. The chromatographic studies in 2d-HPTLC combined with FAB-IVIS and the TLC immune 
staining experiments with a monoclonal antibody specific to 0-acetylated gangliosides allowed the detection of the 
presence of OACGD3 and OACGT3 in the sample studied. 

[0124] It was also possible to detect in the ganglioside mixtures of breast tumours the presence of bands with an 
identical Rf as NGcGMS. The TLC immuno staining study with antibodies that react with H-D antigens showed, addi- 
tionally, the presence of 2 other glycolylated gangliosides. 

[0125] TLC immuno staining studies were performed both with H-D and the anti-OAc ganglioside mAbsforthe mixture 
of gangliosides obtained from 1 0 individual tumours. Results are shown in Table I. 

[0126] The relative amounts of the different types of lipid-bound sialic acids in breast cancer were studied in 4 tumors. 
[0127] For this purpose the mixtures of individual gangliosides were submitted to methanolysis in 0.5% HCI/IVIeOH 
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at 100°C for 2 hours. 

[0128] Samples were dried under N2 atmosphere and 0.5 ^.g of phenyl-a-N-acetylglucosaminide was added as an 
internal standard. Samples were then acetylated in a mixture of acetic anhydride:pyridine (1 :1) at lOCCforSO minutes. 
[0129] After eliminating the excess of acetic anhydride by evaporation with IVIeOH, the samples were dissolved in 
5 CCI3H and were submitted to GC/IVIS in a Jeol DX-304 equipment with an OV-17 column (0.25 mmX 5m) using the 
electronic impact mode. 

[0130] The temperature of the column was 228''C and of the injector was 260''C. The carrier gas used was He at 
0.5 ml/mln. Results are shown In Table II. 



Analysis of Sialic acid Species (Composition) 


Sample No.(a) 




NANA (b) 


NGNA (b) 


0-Ac NANA(b) 


3849 


GC/MS 


75.11%(<:) 


16.60% 


8.20% 


3464 


GC/IVIS 


89.20% 


5.82% 


4.89% 


3931 


GC/MS 


76.55% 


11.55% 


11.89% 


3806 


GC/MS 


88.56% 




11.44% 



20 NOTES: 

(a) 3849, 3464, 3931 , 3806, are individual tumour samples (see table I), 

(b) NANA: N acetyl Neuraminic acid 
NGNA: N giycoiyi Neuraminic acid, 

O Ac NANA: O Acetyl N Acetyl Neuraminic Acid, 

(c) Values are percent of total lipid bound sialic acid. 

25 



1 . A vaccine composition for stimulating or increasing an antibody immune response against an N-glycolylated gan- 
3P glioside comprising an immunogen and an adjuvant, wherein said Immunogen comprises the N-glycolylated gan- 

glioside N-glycolyl GM3 (NGcGMS), its oligosaccharide, or both, coupled to a carrier protein. 

2. A vaccine composition according to claim 1 wherein said NGcGMS is present in said vaccine composition in an 

amount between 1 0 and 400 \ig. 

35 

3. A vaccine composition according to claim 1 wherein the carrier protein comprises the outer membrane protein 

complex (OMPC) of Neisseria meningitidis. 

4. A vaccine composition according to claim 3 wherein the immunogen comprises a soluble complex of NGcGMS 
and the OMPC of Neisseria meningitidis and wherein said OMPC is coupled by a covalent bond to the NGcGMS 
oligosaccharide through a spacer arm. 

5. A vaccine composition according to claim 1 wherein the carrier protein comprises a monoclonal antibody 

^3 6. A vaccine composition according to claim 5 wherein said monoclonal antibody is the murine anti-ganglioside mon- 
oclonal antibody produced by cell line ECACC 94113026. 

7. A vaccine composition according to claim 5 or 6 wherein the monoclonal antibody is coupled by a covalent bond 
to an N-glycolylated ganglioside oligosaccharide through a spacer arm. 

50 

8. A vaccine composition according to claim 4 or 7 wherein the spacer arm is a saturated or unsaturated diamine 
containing 3-10 carbon atoms. 

9. A vaccine composition according to claim 1 wherein the adjuvant is of naturai origin or a monoclonal antibody. 

55 

10. A vaccine composition according to claim 9 wherein the adjuvant of natural origin is an aluminum salt. 

11 . A vaccine composition according to claim 9 wherein the adjuvant is the murine anti-ganglioside monoclonal anti- 
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body produced by cell line ECACC 94113026. 

12. A vaccine composition according to claim 1 wherein the vaccine composition further comprises an Immunogen 
selected from GM3 ganglloslde, Its oligosaccharide, or both. 

13. A vaccine composition according to claim 1 wherein the vaccine composition further comprises an Immunogen 
selected from GD3 ganglloslde, Its oligosaccharide, or both. 

14. A vaccine composition according to any one of claims 1 to 1 3 for the prevention or treatment of breast cancer. 

15. A vaccine composition according to claim 12 for stimulating or Increasing the Immune response against GM3 
ganglloslde. 

16. A vaccine composition according to claim 13 for stimulating or Increasing the Immune response against GD3 
ganglloslde. 

17. The N-glycolylated ganglloslde N-glycolyl GM3 (NGcGM3) or Its oligosaccharide for use as a therapeutic agent. 

18. Use of an N-glycolylated ganglloslde or Its oligosaccharide In the preparation of a vaccine composition for the 
treatment of breast cancer. 

19. Use according to claim 18 wherein the ganglioside is N-glycolyl GM3 (NGcGIVIS) or its oligosaccharide. 

20. Use according to claim 18 or 19 wherein the vaccine composition contains the N-giycoiyiated gangiioside or its 
oligosaccharide bound to a carrier protein and furthermore contains an adjuvant. 

21 . Use according to any one of claims 1 8-20 wherein the vaccine composition further contains one or more members 
from the group consisting of ganglioside GMS, its oligosaccharide, gangiioside GD3 and its oligosaccharide. 

22. Method for the production of gangliosides comprising the steps of culturing a hybridoma, isolating the hybridoma 
blomass and extracting and/or Isolating the ganglioside fractions therefrom. 

23. Method according to claim 22 wherein the gangliosides are NGcGMS and/or GM3. 



Patentanspriiche 

1 . impfstcffzusammensetzung zum Stimulieren oder Verstarken einer Antil<6rper-lmmunantwort gegen ein N-glyco- 
lyliertes Gangliosid, die ein Immunogen und ein Adjuvans umfasst, wobei das immunogen das N-glycolylierte 
Gangiiosid N-Giycoiyi-GiVI3 (NGcGIVIS), sein Oligosaccharid oderbeide umfasst, welche an ein Tragerprotein ge- 
l<oppeit sind. 

2. impfstoffzusammensetzung gemaB Anspruch 1 , wobei das NGcGIVIS in der Impfstoffzusammensetzung in einer 
Menge zwischen 1 0 und 400 ng vorhanden ist. 

3. impfstoffzusammensetzung gemaB Anspruch 1 , wobei das Tragerprotein den auBeren Membranproteinl<ompiex 
(OiVIPC) von Neisseria meningitidis umfasst. 

4. Impfstoffzusammensetzung gemaB Anspruch 3, wobei das Immunogen einen losllchen Komplex von NGcGM3 
und den OMPC von Neisseria meningitidis umfasst und wobei der OMPC iiber eInen Spacer-Arm durch eine 
kovalente BIndung an das NGcGMS-Ollgosaccharid gekoppelt Ist. 

5. Impfstoffzusammensetzung gemaB Anspruch 1 , wobei das Tragerprotein eInen monoklonalen Antlkorper umfasst. 

6. Impfstoffzusammensetzung gemaB Anspruch 5, wobei der monoklonale Antlkorper der monoklonale Maus-Antl- 
Gangllosid-Antlkorper Ist, der von der Zellllnie ECACC 94113026 erzeugt wird. 

7. Impfstoffzusammensetzung gemaB Anspruch 5 oder 6, wobei der monoklonale Antlkorper fiber einen Spacer-Arm 
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durch eine kovalente Bindung an ein N-glycolyliertes Gangliosld-Oligosaccharid gekoppelt ist. 

8. Impfstoffzusammensetzung gemaB Anspruch 4 Oder 7, wobei der Spacer-Arm ein gesattigtes Oder ungesattigtes 
Diamin ist, das 3-10 Kohienstoffatome enthait. 

9. impfstoffzusammensetzung gemalB Anspruch 1 , wobei das Adjuvans natiiriiclien Ursprungs oder ein monol<ionaler 
Antii<6rper ist. 

10. impfstoffzusammensetzung gemaB Anspruch 9, wobei das Adjuvans naturiichen Ursprungs ein Aiuminiumsaiz ist. 

11 . impfstoffzusammensetzung gemaB Anspruch 9, wobei das Adjuvans der monolcionaie iVIaus-Anti-Gangiiosid-An- 
tii<drper ist, der von derZeiilinie ECACC 94113026 erzeugt wird. 

12. Impfstoffzusammensetzung gemaB Anspruch 1 , wobei die impfstoffzusammensetzung weiterhin ein immunogen 

umfasst, das aus GM3-Gangllosld, seinem Oligosaccharid oder beiden ausgewahit ist. 

13. Impfstoffzusammensetzung gemaB Anspruch 1 , wobei die Impfstoffzusammensetzung weiterhin ein Immunogen 
umfasst, das aus GD3-Gangliosid, seinem Oligosaccharid oder beiden ausgewahit ist. 

14. Impfstoffzusammensetzung gemaB einem der Anspriichel bis 13zurPraventionoderBehandlungvon Brustkrebs. 

15. Impfstoffzusammensetzung gemaB Anspruch 12 zum Stimulieren oder Verstarken der Immunantwort gegen 
GIVIS-Gangliosid. 

16. Impfstoffzusammensetzung gemaB Anspruch 13 zum Stimulieren oder Verstarken der Immunantwort gegen 
GD3-Gangliosid. 

17. N-Glycolyliertes Gangliosid N-Glycolyl-GI\/l3 (NGcGM3) odersein Oligosaccharid zur Venwendung ais Therapeu- 
tikum. 

18. Venwendung eines N-glycolylierten Gangliosids oder seines Oligosaccharids bei der Herstellung einer Impfstoff- 
zusammensetzung zur Behandlung von Brustkrebs. 

19. Venvendung gemaB Anspruch 18, wobei es sich bei dem Gangliosid um N-Glycolyl-GI\/l3 (NGcGI\/l3) oder sein 
Oligosaccharid handelt. 

20. Verwendung gemaB Anspruch 18 oder 19, wobei die Impfstoffzusammensetzung das N-giycoiyiierte Gangliosid 
Oder sein Oiigosaccharid an ein Tragerprotein gebunden enthait und weiterhin ein Adjuvans enthait. 

21 . Verwendung gemaB einem der Anspriiche 1 8-20, wobei die Impfstoffzusammensetzung weiterhin einen oder meh- 
rere Vertreter der Gruppe enthait, die aus Gangliosid GIVIS, seinem Oligosaccharid, Gangliosid GD3 und seinem 
Oligosaccharid besteht. 

22. Verfahren zur IHersteiiung von Gangliosiden, das die Schritte des Kultivierens eines Hybridoms, des Isolierens der 
Hybridom-Blomasse und des Extrahierens und/oder isolierens der Gangiiosid-Fraktionen aus derselben umfasst. 

23. Verfahren gemaB Anspruch 22, wobei es sich bei den Gangliosiden um NGcGIVIS und/oder GM3 handeit. 



Revendications 

1. Composition vaccinale destinee a stimuler ou augmenter une reponse immunitaire par anticorps vis a vis d'un 
gangliosids N-glycolyle comprenant un immunogene et un adjuvant, ou ledit immunogene comprend le ganglioside 
N-glycolyle, N-glycolyl GM3 (NGcGM3), son oligosaccharide, ou i'un et I'autre, et couples a une proteine support. 

2. Composition vaccinale selon la revendicatlon 1 , oil ledit NGcGM3 est present dans ladite composition vaccinale 
en une quantite comprise entre 1 0 et 400 [ig. 
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3. Composition vaccinale selon la revendication 1 , ou la proteine vecteur comprend le complexe protelque de mem- 
brane externe (OMPC) de Neisseria meningitidis. 

4. Composition vaccinale selon la revendication 3, ou I'immunogene comprend un complexe soluble de NGcGM3 et 
5 rOMPC de Neisseria meningitidis et ou ledit OMPC est couple par une liaison covalent a I'oligosaccharide NGcGIVIG 

par I'intermedlalre d'un bras ecarteur. 

5. Composition vaccinale selon la revendication 1 , oCi la proteine vecteur comprend un antlcorps monoclonal. 

10 6. Composition vaccinale selon la revendication 5, ou ledIt antlcorps monoclonal est I'antlcorps monoclonal antl- 
ganglioside de souris produit par la lignee cellulaire ECACC 94113026. 

7. Composition vaccinale selon la revendication 5 ou 6, oCi I'antlcorps monoclonal est coupl6 par une liaison covalente 
a un oligosaccharide de ganglioside N-glycolyle par I'lntermediaire d'un bras espaceur. 

8. Composition vaccinale selon ia revendication 4 ou 7, ou le bras espaceur est une diamine saturee ou insaturee 
contenant 3 a 1 0 atomes de carbone. 

9. Composition vaccinale seion la revendication 1 , ou I'adjuvant est d'originenaturelleou est unanticorps monoclonal. 

20 

10. Composition vaccinale selon la revendication 9, oil I'adjuvant d'origine naturelle est un sel d'aluminium. 

11. Composition vaccinale selon la revendication 9, ou I'adjuvant est I'antlcorps monoclonal anti-ganglioside de souris 

produit par la ligne cellulaire ECACC 94113026. 

25 

12. Composition vaccinale selon la revendication 1 ^ oil la composition vaccinale comprend en outre un immunogene 
selectionne parmis le ganglioside GM3, son oligosaccharide, ou I'un et I'autre. 

13. Composition vaccinale selon la revendication 1 oil la composition vaccinale comprend en outre un immunogene 
30 selectionne parmis le ganglioside GD3, son oligosaccharide, ou I'un et I'autre. 

14. Composition vaccinale selon I'un quelconque des revendications 1 a 13 destine a la prevention ou au traitement 
du cancer du sein. 

35 15. Composition vaccinale selon la revendication 12, destine a stimuler ou augmenter 1 a reponse immunitaire centre 
le ganglioside GM3. 

16. Composition vaccinale selon la revendication 13, destine a stimuler ou augmenter la reponse immunitaire centre 
le ganglioside GD3. 

40 

17. Ganglioside N-glicolyle N-glicole GM3 (NGcGM3) ou son oligosaccharide a utilise comme agent therapeutique. 

18. Utilisation d'un ganglioside N-glicolyle ou de son oligosaccharide dans la preparation d'une composition vaccinale 
destine au traitement du cancer du sein, 

45 

19. Utilisation selon la revendication 18, oil le ganglioside est le N-glicolyl GM3 (NGcGM3) ou son oligosaccharide. 

20. Utilisation selon la revendication 18 ou 19, oil la composition vaccinale contient le ganglioside N-glicolyle ou son 
oligosaccharide lie a une proteine vecteur et contient en outre un adjuvant. 

50 

21. Utilisation selon I'une quelconque des revendications 18 a 20, ou la composition vaccinale contient en outre un 
ou plusieurs elements du groupe constitue par le ganglioside GM3, son oligosaccharide, le ganglioside GD3 et 
son oligosaccharide. 

55 22. Precede de production de gangliosides comprenant les etapes consistant a cultiver un hybridome, a isoler la 
blomasse de Thybridome et a en extraire et/ou Isoler les fractions du ganglioside. 

23. Precede selon la revendication 22, ou les gangliosides sent NGcGIVI et/ou GM3. 
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